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ABSTRACT

Phytochemical Analysis, Antioxidant and Antiobesity Effects

of Moringa oleifera Leaves Extracts

Kim, Da-Song
Advisor: Prof. Hyun-Jae Shin, Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

Moringa oleifera (common names of moringa or drumstick tree) is native to
tropical and subtropical regions of South Asia. While, its cultivation is actively
being carried out in South Korea due to recent climate change. M. oleifera is
rich in nutrients such as proteins, vitamins, minerals, and phytochemicals, and has
been used as a traditional remedy for a variety of physiological activities. The
leaves can be used in many ways from food and feed to traditional medicine and
research. Phytochemicals differ in composition and content depending on the cul-
tivation environment and extraction method of the raw materials. Therefore, the
phytochemical composition and antioxidant activities of M. oleifera leaves extracts

were needed.

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are caused
by endogenous factors such as metabolism in the body or exogenous factors such
as drinking and smoking. ROS and RNS are eliminated by antioxidant enzymes
such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPX) present in the body. When the content of ROS and RNS is higher than
that of antioxidant, redox balance is decreased resulting in oxidative stress and

cell destruction. The metabolic diseases such as diabetes, obesity and hypertension
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could be developed by the oxidative stress. When obesity develops, the adipocyte
differentiates and secretes hormones such as adipokines leptin and adiponectin.
Antioxidant activity of M. oleifera leaves extract has been studied through various
mechanisms. Recently, antiobesity activity has been confirmed by administration
of M. oleifera leaves extract to rats, but other mechanisms are unclear. Therefore,
in this study, ABTS radical scavenging, DPPH radical scavenging and SOD-like
activity were measured to examine the antioxidant activity of M. oleifera leaves

extract.

Domestic M. oleifera leaves were extracted with hot water (DW) and alcohol
extracts (DEE), and foreign M. oleifera leaves were extracted with hot water
(OW) and alcohol (OEE). The alcohol extracts were partitioned with hexane,
chloroform and ethyl acetate (EtOAc), and the fraction of EtOAc was used for
the experiment. The yield of the extract was 20.48% ~ 28.26%. As a result of
HPLC analysis, gallic acid, caffeic acid, rutin and p-coumaric acid were contained
in common hot water extract and alcohol extract, and quercetin and sulforaphane
were found to be contained in alcohol extract. The antioxidant activities of DEE,
OEE, DW and OW were higher than that of hot water extract (DW, OW).
DPPH radical scavenging was higher in the order of OEE, DEE, OW, and DW.
SOD-like activities were higher in order of DEE, OEE, OW and DW, and the
extracts of DEE and OEE were much higher than those of hot water extract
(DW, OW). To examine the anti-obesity activity, in vitro a-glucosidase and lipase
inhibitory activities were measured. Using 3T3-L1 cells, C/EBPa and PPARYy,
which are involved in adipocyte differentiation, Of FAS and ACC were con-
firmed by western blot. a-Glucosidase inhibitory activity, OEE, DEE, DW, and
OW showed higher inhibitory activity, and OEE and DEE inhibitory activities
were higher than acarbose, a positive control of the same concentration. Lipase
inhibitory activity was measured by OEE, DEE, OW, and DW. The inhibitory
activity of OEE was about three times lower than that of the positive control, or-
ilstat, but lipase inhibitory activity was confirmed. Oil red O staining revealed
that moringa leaf extract inhibited the accumulation of triglyceride in a concen-

tration-dependent manner in 3T3-L1 cells. In addition, the expression of C/EBPa
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involved in 3T3-L1 cell differentiation did not have a concentration-dependent in-
hibitory effect on the moringa leaf extract. However, the expression of FAS and
ACC, which are involved in the synthesis of PPARy and fatty acids involved in
cell differentiation, was inhibited by the concentration of the leaf extract and the

extract of hot water (DEE, OEE).

These results suggest that the extract of M. oleifera leaves contains a sub-
stantial amount of phytochemicals and has antioxidant and antiobesity activity and

may be used as a functional food in near future.
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A1 A&
1. 479 7

7}. 287} (Moringa oleifera)

Y7} (Moringa oleifera)= °]7F 5~10 mol| o2+ UF=2 AUiAW L= ofd

WA Gl A e, dpEapo]l A2 @AM E 2 At A AAH ez Aufe

=
A glom, &85 B oyAnt 5 A7 eAFoR NEHAL v T3 %
]

Bt dud,) mv", HER Fo d \

el o AT, F9, g4 T uhge LS HA 2 du 2, 3] 9
%, AR AR o] &HH, RYrte] el e dolA AMF aFdo] A&
o2 AREHTE ES Aok 0 dS FEeTY 8 FF AFAA =2 AR
&S 7ML o, 5 9 45y dHEE vgdt i Wt oeR AlgE o]
ot [4]. 53] 2RI d& & A Eol Hls] gEE 2 phytochemicalo] FH-g
Aow d4HA dom uF dFolvt HAF A Ao adrt vk Bavk 9
ot [5]. R 9 FE A2 &8Yn e mdAes dYRFAE HF e,
TE AIRRELE d8dH
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Y. Z3 9= (polyphenol)

9= oy Hdel v ol dow, dHE dists BEE 4
7 9lth [6, 7]. Fig. 13 o] ZE|dl=e IA S8t =ol= (flavonoid), H=2l o
A= (phenolic acid), 2] 1% (lignan) % Z~®"Hl (stilbene) 0.2 +7& 4 Ut} [8]. &
oS T2 st A4S Hed ole IetHor FHvs BEA el A

4-3to] hydrogen donating®] WAt = QG F A} FRE o] F7] WEolnt &
g Eo] ikt EAEA FgetEd ARG E 9 g2 EAdoF $Hal, rad-
ical 227 Foll A} We] FaA o] HAgs|oFgttt [9].

ZetHolEE 7|EA O R C6-C3-C6% X2 15719 &4 9xE 7HA 1 Q)
T 709l aromatic ringd] A} BE ©]Fo]# O™, heterocylic ring?! C7} A9} BE
3IMe] ©A4=E o]ojal 9t} (Fig. 2). Aromatic ring AT acetate/malonate pathway=
FH A4 531, aromatic ring B+ shikimate pathyway®] phenylalanine > =58 A %
U} Heterocylic ring C2] A3 dj€lo] wielx] ZRE =o]=7} Zg}l= (flavanone),
=2HE (flavone), ©FolAZEHE  (isoflavone), ZTlH =  (flavonol), SFEAJolYH
(anthocyanidin) ©. 2 7 ¥ U} Ring A9} B7| X|3t= 7% sl ol FTEol=
of B 7x9 gFd= 04‘11“11 %] 8+= w| oxygenation, alkylation, gly-cosylation,
acylation, sulphonation HF-g 5©¢] dojdt} ZZR o= =2 Ats 39 A&
7FA AL Qlo], A, FA oA C—’%Q% e 4 ok Egvbee 23 AE 3719
A AbE ‘3‘3 C4oll AtA LA7E Tk ZepulEe ARt o g 7oA ol el <
ll glycosylation® ™, TF&FolA H& =5
5 7 AEe SR SeptE A, ApFA o) 3l n) A Ao F%O] S5 o

CEUEE Aol glar, AlelA Z FEA o wEA wjEdnh of
o] AZEtE S ZElH =ol= Ring B2 C3 Yo Ring C7} AgE] AE FZF0]
o ol AEZZ (estrogen)dt TEAHOE FAbstaL F= - Fel @ol FHrH ol 3l
EEE & Ho A55 Wl 94 ojg}= et ol whet
A ] xfol7l Beo] wAlsY R Ee] ARoeEE XY (Kaempferol)
7 FoJME (quercetin)©] ZetH o] "o, ojef T HEELS AAA th
Fow EAlste fulFe Eddlsoldta & o v bEA

9 AL L}E}Lﬂb Fa il Zule] o] EAlsu F=
5
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H A7 GHAA = HAES W) o]eldt Ee R 0] =+ reducing agents, hydro-
gen donating antioxidants, singlet oxygen quenchers, metal chelation®] 5745 7}A]aL
At [10]. tHE-EC] ZEHEF ZEtEES 320385 nm HEE 250~285 nmoll A
UV-VIS HU F33& 7FA &4, o]+ A%} B ring?l &5 3% tjo|th. Hydroxyl
group®] S7tEE HAd & FFde ST Eebb=S E3E heterocyclic
C ring®] SA3=d], o]= A ¢ B ring AFololl 4] conjugationS FAA| A, ZeHE3}
EdtE = Hlst¥ UV-VIS &5 37t v, kst &4 =3 b C oringol
By gejeln WA Byl kor] BT W A A4 MAAHE Fohol
hrize g s
ZE = 3 FH{ HEY A =& dietary phenol®] 1/3S X}A] &}, phenol}
st oY FJElE EAST Hsy A=
(phenolic acid)™ non-flavonoid polyphenolic compound®]™, = A W% 4} (benzoic
acid)¢} Aly9 AF (cinnamic acid)o.2 Yz 4 Jof wWlE4HS C1-C6, cinnamic acid
T C3-C6 725 A vk dEAQ =Ygl 22t (gallic acid)> EAF Wl
3709 hydroxyl “1F°] EAIste] 2te]Z (radical)ol] ©]3te] 4bstEol®= A 2E hy-
drogen bondingS FAJsle] <kt FXE JIX A "t} o]9F o] ZHE Y9
hydroxyl 71¢] 7} S7hd= dabst SAE S7hath E hydroxyl 719 914
o Wl @ars 2ol Maleln], Eelss B4 o] hydroxyl 15 49 914
o gatst @A wg Tagt 9EE U1, 12].

ester, ether, acetal A%<
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Kaempferol Fisetin
Quercetin Myricetin

Apigenin

caffeic acid

Isoflavones

Flavonols Isorhamnetin Rutin
Gingerols
Flavones
o Naringenin
Ferulic acid Flavanones = yesperidin
coumaric acid Eriodictyol

Luteolin
Acacetin
Diosmetin
Tangeritin

Diadzein

Anthocyanidins =

Cyanidin Malvidin
Pelargonidin
Peonidin Petunidin
Delphinidin

Genistein
Glycitein

Flavanols

(+)-Catechin
(-)-Epicatechin

I

Gallic acid

Figure 1. Classification of polyphenols [8].

polyphenol o) jonando

Proanthocyanidin

Secoisolariciesinol
Matairesinol
Lariciresinol
Pinoresinol
Silymarin




oy o

Flavonoids Flavone Flavanone
(@]
0 $
X
OH o s
o]
Flavonol Isoflavone Anthocyanidin

Figure 2. Chemical structure of the different classes of flavonoids.
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t}. ofo] A o] Q Alo]ol|o] E (isothiocyanate)

A& H-E glucosinolate s AJAtstH, ol EFolv TE=FE AANES HE
st 9as stod ol A EES family’t Moringaceae, Caricaceae, Mustard
of £3th13]. oleld A= LFoA A=o] FAH myrosinases - H| 5}
glucosinolate S glucoseo} ©}o] Aol @ Alo]oly|o] E (isothiocyanate)@ -3l eFT} [14].
ol wj FPH = ofo]iMo] @ Atolold|o] E= Bro] §iar sletA o m RbgAo] et
of, LFoly TEsolA AFAL =t [15].

Thio= sulfur YAE U3}, cyanate™= carbon YA} nitron YA7F Ao

S onEly, YHEA 08 R-N=C=S= ‘/}E‘r‘*ﬂq— glucosinolate7} &% 3
w2 aFygo], AL gujof RSk Fo] ut. o] & Faste] MR A1F S
Zp=rof 2]s}e] glucosinolate”} o].o]g\_/s&}o]g_/\]-o]o]-q] OJER Ha|xo] nuj
e 7PN e, 9 B ek &4 ol Y (16, 17].

O

ol

%2
=R/ _IZ P
Lo

Mo 2 X
©
2 o
|

r&
d
2

B 7F 92 glucosinolate®] F 21 glucomoringin, glucotropacolin, 3-Hydroxy-4-(a
-L-rhamnopyranosyloxy)benzyl glucosinolate &< 3t Qlof, & TS 7FAaL 9l
T}, Maldini 5 (2014)2 =7} ¢l 100ge] 77.7+8.07mg glucomoringin, 15.66+1.04mg
glucotropaelins E-f-3hal JAvtal 3T [18]. HE3F, glucomoringin®] myrosinase®l <]
sto] Eel =W ofo] Amfo] @ Afolof| o] EQL sulforaphane©] /3 T,
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Figure 3. Mechanism of glucosinolate hydrolysis by myrosinase.
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2}. 43l (antioxidant)

A. ZA3}

AUl A A== reactive oxgen species (ROS) =+ reactive nitrogen species
RNSEHFH A E 4ol BAs= RS Ad Ev dojdtes =45 s =
Aolg}ar &t} [19, 20]. ROSY RNSEHE AMEZS HE3l7] ¢8te] Aol x g
Absl @ 4Q1 superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPX), gluthione reductase (GRD), uric acid, bilirubin, albumin, metallothioneins & ©|
wHEW, o] WAA (endogenous) F4Fst EFolzha vk [21]. SHAIRE WA
ksl =2 =W ROSSF RNSS 471 = glo] HEkwl, 712", E89s 59 9
A7 (exogenous) FAtst &2 AHFH7F Z8skth ROSe RNSY| stFo] 3ikst &4
B} Folxw Akst ~Ed 2 (oxidative stress)”} WAIS] AEZF 3t o] H|TE o
w, oF T 22 ddo] BT, mekA ROSSE RNSE &7A7]= Aol 7MY &

asirl, oAl A 2o AAE BEAol 2]

SIS ia = s A= S & s 3
stoh, giksl &4 24 Al ARRE = Y22 ZA A goZ, A o do s
Bt w3, F% chelation A% 2 3Asl S48 SA357% dhth Fe™', Ca™'
s ZFe FHol2 AALSRES A Fuje S & AuoA AbshiHES
WA A7), o] el gt A of A Zro] Aol A &3S dAs. aey
A3} Ao = ke Edo] F40] 23 chelation®] W Eufzb A A H o] X E AL
shak-g-o] A& E T} [23]
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2) A% Bz
7} DPPH radical scavenging activity

1-diphenyl-2-picrylhydrazyl (DPPH)% B2 delA g2 Az v A s)
(delocalization)d M E|Z EAste] wj-$- ot 2 oot} [24]. watA] B}
ol 245 gtt]Zo] EA5te = o] 3} (dimerize)¥ A ¥ETh DPPH ¥4} o =}

# g@eZe]l &4t BetdS w517 nmold Ao FFES etk olwdl
DPPH®] A sfr)zdo]l 4bsh Sds Wy AAE 7 dod Hepdo] gk
o8 Wzl

L}) Trolox equivalent antioxidant capacity (TEAC)

ox
=)

2,2-Azino-bis(3-ethylbenzethiazoline-6-sulfonic acid) (ABTS) #}t]Z& wj-$- <t
AT 2 El 2 (free radical)o|th [25]. Bt Zo] EAE W= FEAS YERH AL
3t 242 Aste] YA Frgsk Moz Wkt ABTS €993} potassium persul-
fate 84S Z3FsHH ABTS #hrlZo] A1, PBS (pH7.4)E ©l&3l 3] ate] &

t}H) Nitric oxide (NO-) scavenging activity

NO (nitric oxide)™= AW M EQ] nitric oxide synthaseo]| 234l A4 =™ arginine
o] citrulline= W& w AT} [26]. Sodium nitroprussides= pH 7.404 A4 o=
NO #HZs AAsH, atslEo] NO* 9 22 HatoleSd FA. A" At
o] &2 Griess HH-g 0.2 FHAo] 7}53slt},
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3) Ab& 2oz

7} Hydrogen peroxide (H»O,) scavenging activity
dFAg M= F49 A4, = AR 25 FYeE Qs 41144
EEzH T [27]. H0.7F AWZ 591 9% hydroxyl radical (OH)©]

© 2 H,0,°
S ZXIA17]31 DNAC| &8 43t

A2 =™ | o] = lipid peroxidation=

L}) Peroxynitrite radical (ONOO-) scavenging activity
grizzA 7k grgubgor g Ax

Peroxynitrite:™= 7k AFs}= &
o] Apd = o} fukol ¢l EFolt} 28], UE EFFHY radical Bt AUjF o R

§ Fest

o+ S} A7k protonate =] ©] peroxynitrous acid (ONOOH)7} A E W 733t AX=AdE
2 A2 Abst whES

A2 W3t ONOOH+ T el -SH group %
9] metabolismol] FFS Wk Eg FAHAAME, iy AEZ SolA DNA A&
7O Tl 781

gty stal M EE APEAIZIY w2l ONOOH7F Aol o &4 49 5o
sl &=3kolH of Az]7] #At}. ONOO+ WA B A (endogenous en-

zyme)ol| &3t E&A H )

ke

T}) Superoxide radical scavenging activity
nA oFst ghr]Zho] A4k hydroxyl radicalS AT 4 9lof
nitroblue tetrazolium (NBT)-8 4| NADHE

g Arhs A E) A ER

Superoxide raidcal> H]
&3kl [29]. Superoxide raidcal->
Sk 8- "ol phenazine methosulfate (PMS)E

4) =% chelating

7} Ferric reducing-antioxidant power (FRAP) assay
FRAP assay: Fe'' o]2o] gy ALZS =A== wyolt}t [30]. wS pHI

FH 593 nmoll A 533k HstE dakst &4

A ARe s

10
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L}) Potassium ferricyanide reduction (PFRAP)

potassium ferricyanide”} &4Fs}E 2 3} 1E-§-3}o] potassium ferrocya-

S48t Woltt [31]. Potassium ferrocyanide”} 287 =™
, 700 nmoll M FF ks SAste] At 2S5

PFRAP assay+
nide®2 Y= HAEE

=
Aol Alo] Tkl Wali
A7

T} Cupric reducing antioxidant power (CUPRAC) assay
= AxE 3

Agdstazt shis FakstEdo] cu’ o] & Cu oo A= A 2
st A deoltt [32]. Standard EHZE troloxE AMESFAL, AR 1 mLol %o

U+ trolox®] mgo = YERTE AkstE 54 samples CuSO4, neocuproined} 3
SA gt

Al Esked 302 ol 450 nmel M FF S

2}) Hydroxyl radical scavenging activity
Hydroxyl radical<> reactive oxygen species (ROS) & 3sfufolm AMzute] Qx4 Z
of &4+S %It} [33]. Fenton reactions ©]-8-3}%] hydroxyl radicals RHE©] deoxy-

ribose®} WH-§-A]A radical scavengingS <213t}

o

ul) Hydroxyl radical antioxidant capacity (HORAC) method
A zsle] ksl 58S FA3AL, hydroxyl radical® Q13 AlX &

CO complex%::‘
M2 o] galo] A EAHLE =AF, stand-

$Ht}. HORAC assay™ hydroxyl radical2%-E 7] 4]

ard 24 =2 gallic acide o] AR
2o il S SAT w A&

7] %1% hydrophilic chaing 7}A| 3L A+

H}) Oxygen radical absorbance capacity (ORAC) method

ORAC assayt= At} EZ\ol A FX=% peroxyl radicaloll thdh &iksl &2 o] A 3
e SAsE WHoR F4 dA Hdolo| o3 vEehe Atks dAS wrd s
Hl g 3o A=

U} [34]. ORAC assay©°ll A peroxyl radical 33 probe} WH&-3}o

11
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< Aok, Fakst &4 Agte] mE vEE A=Y i gAES HUts
of gitsl A4S SASY. FF probe?} peroxyl radical®] WHg<  fluorescence

%2 485 nm (excitation)®} 535 nm (emission)E A}-&3HC}. ORAC HES
Hztetnw 2& Fxdo]l dFZ o, ORAC assays ©|&3dto] s&E°o FZ oy
plasma, A4, I T o Ame F st FHE H7HE ¢ oy, plasma
U o geko] =2 Algd 49 @A 9] thiol groupl ]38l peroxyl radical A

A7y el Al E

12
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v}, ]9k (antiobesity)

HIRE 195 52438 S7kske FAelH, AARAZ]F (WHO)o| = 19801 2}
20143 Atolof] A AAIH o2 vk QI F7F oF F ¥ F7FsFsddl [35]. 20144 V)
o7 184 WA 38%, A9 40%7F v HFSl Ao Felmgit)

g g4 gA9 e quA sz A Ao oA HHe| e F
s gololn, §44 o L #PH 2ol oJste] wwre] WAY FE Ytk
Y% 24 AF 2 e UAE 2R ABEBS WY 0ug U
AR, WA el A8ea % AU 2wl w$ ojee dolt

o

3 glucose$} fatty acid o] =of YAl F4 o] AEHHH insuling £ &
2 o] o]dto] wAEHA HWHA AU FAAol FUAA Hrk. o] &p3to] 9
Ux] FHo=2 st 28 FHlo o]ido] oW AWM Q] adipocyte] #3}7}
B HET [36]. 3L adipocyte®] A+ leptin¥} adiponectin¥} S T 2SS ZA A

o® FH|sHH, o]Y 3 T2 adipokineo|#} F-EiL AEFZ G oA An]d
]

YEFe v [37]

HIRES A m8h7] HEiA e AW FF A, duA 4 A, duA AR ST
adipocyte®] 3} 7ha, A FHAae AWEs| S st [38, 39] MR
3252 adipocyte”} 3}E o] adipokineo] AZFQlel w|E| IEH] HE 5A o] 2

=
>
o,
i)
riot
[o
!
>
(g
)
e
__>‘~l_ll‘
of\
1o
ol\
N
N
L
rc
__>‘~l_ll‘
=
B
o
BN
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ATEF L 74
7t A75Y
A. i3 g4

B7F o= oA FF/9 phytocehmicalo] FHfH o] Slo] =
Q

I

e Ao deAdY [43] AIRE R FE4
gkl apel7k LAY [44]. Phytochemical®] Fiell whebA kst 248 zhe

~
2871 o] Aolatr] wiEel thekst SAAMH o R kst A4S Hdeke W ol
vk 2 shchar JekEoh (Table 1).

Siddhuraju ‘& (2003)< Nicaragua, India, Nigerol| Xl W]t M. oleiferas water,
70% ethanol (EtOH), 80% methanol (MeOH)Z %3} DPPH radical 2AA5S 54
AT [45]. 2 A water FEHT 70% EtOH, 80% MeOHS F%%2| DPPH
radical 2~715°] %92, 70% EtOHS 80% MeOH®| DPPH radical 4715 ¢] o]
= A9 gt meEkA HAE oA phytocehimcals F=3 W water U= H| A
S 7HA1 0¥ 70% EtOH, 80% MeOHS AR&sh= Zlo] v a2l WHow 3
ST Sreelatha & (2009)<> India®| A AWl dF M. oleifera®] 4+t EA4S =
71 95kl RY7E o FEES FAFst 420 CAT, GST, GPX, SOD €4 43
DNA damage & a7 €21 % DPPH radical, superoxide radical, nitric oxide radical

.
O

o.>|1

275 s SASAT [46]. AEAH BEYVF o FEES FAkst a4 2 Akst &~
Eg 2ol gt %"*éol A8 W, radical &7 HEgE EASSITE o= EE7}
A FEES TS AgUider kst @ds e S T8I =woly
Fakurazi & (2012)-2> Malaysia®l A #| ¥l St M. oleifera®] 34tst €45 DPPH radical
753} metal chelation?] FRAP WS o|g3slo] A 1, 43} 2EH 22

Lo
n
2
o
>
i
P>
[
vy
P>
X
=
o
=

N

of b &S frEste] YUt o FEE

andialdehyde (MDA), CAT, GSH, SOD ¥%<s A3ttt [47]. A4 ¥Z 7} DPPH rad-

ical 7% 3 FRAP #4& SHlsigint. &, 31 &) fdel Ao 297t o
o]

FE=ES T3 negative control®. T} MDA, CAT, GSH, SOD 3$=F
_%_

7Fet AS 138} AL, positive control?] N-acetyleysteine (NAC)S} 2] & o2
At FAE 2t AS At 2y 7E o akst o] digh A @i
SHAl H =LA, in vivo DA F AP7HA] 89 AS g0 & AU
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Table 1. Antioxidant activities of M. oleifera leaves extracts depending on extraction method, assay and cultivated county

Extraction method Antioxidant assay ICs Country Refernece
Water DPPH radical 2.00+£0.05 g/g dw Nicaragua 45
3.07£0.22 g/g dw India
2.72+0.13 g/g dw Niger
Enzymatic CAT activity 14.64+0.01 pg/mL India 46
assay GST activity 106.84+0.07 pg/mL
GPX activity 163.68+2.36 pg/mL
SOD activity 0.3040.008 pg/mL
Non DNA damage 12.71+0.15 pg/mL
enzymatic DPPH radical 18.15+0.92 pg/mL
assay Superoxide radical 25.3240.54 pg/mL
Nitric oxide radical 72.45+0.23 ug/mL
Lipid peroxidation 56.77£0.45 pg/mL
70% EtOH DPPH radical 1.05+0.10 g/g dw Nicaragua 45
1.94+£0.13 g/g dw India
1.45+0.10 g/g dw Niger
80% EtOH DPPH radical 158.8£5.3 uM TEAC/ Malaysia 47
100 g dw
FRAP 237.6+£3.7 uM TEAC/
100 g dw
80% MeOH DPPH radical 1.13+£0.05 g/g dw Nicaragua 45
1.79+£0.11 g/g dw India
1.28+0.05 g/g dw Niger
MeOH DPPH radical 387 pg/mL Taiwan 48
Hydrogen peroxide 340 pg/mL
SOD activity 2.00 pg/mL
16
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27 A FEES Foste AY ASHF 2 adipose tissue®] adipokine U &
S PCRS o] &3l Agst A37F vk EASA T dA BV o FE2E9] 3]
v A gk ek V1S B A X 3kth Bais & (2014)< Indiaol A A HiE
M. oleifera S FZ==° FH|vt GAS SHs7] 98t 757 &<t high-fat AMSE
1, high-fat Ab=O 200mg/kge] EB7F A FEFES T3 Ax
3l A8 S ¥3F3% HFD + MEMOL 15 2% Uio] A5, A2, g3 U cholesterol
2 triglycerides T, &7 FAE SAHSAG [49]. A2 AT
H]glo] HFD + MEMOL 1&°] o4 o= FrAstgion, A

3o HFD + MEMOL Z1F°] f94do 2 E=Qkt}h Ao] FolxH oA A4n|7}
Z7vsle] smlwk g3yt A siek I3 W cholesterol 2 triglycerides 73 A4
I} HFD Z1&o] H]dte] HFD + MEMOL 1E°] foFog Fe RS 3heolg 4

Ak 7ha Aol B =4 A3z HFD 1Fo| H]ske] HFD + MEMOL “L&©]

FojAom e e FAT F don, dF U fatd] o] SUFHE 7]
9] adipose tissue®l| A triglyceride $FFo]l S 7Fele] FAIZF S71ekAl Hth Metwally
5 (2017)2 Egyptoll Al AulE M. oleifera &1 FE=&2 vt B34S 543517 9
ato] ol Al 125%<F high-cholesterol AR S F33 Ob 1&, high-cholesterol A}&

S &3lste] A x3 AL

tﬂl

== S 353 Ob + M oleifera w2 =

A& AT} adipose tissueoll Al 1] 3= adipokine?] leptin, re-
sistin®] WHFS RT-PCRS ©|-&3to] SA3AT [50. AFAH Ob 152 IuHA}
25 AFAS control L7l H|ElS] AFo] o] F7IEA O™, Ob + M. oleifera ~1
2 Ob “Lwoll Blgte] AlFo] FolFor e AE I & UJTh Ob 1H
o] A =

oA &= <l A 3ol ]’]'E]'AA_Et] Ob + M. oleifera OdFo e 2ad A 3kA] o]

ihJ

O:

UERLA] 2%kt RT-PCR A EZ 7 Ob + M. oleifera “15 2] leptin, resistin®]

r [

a)
e 0b 1Ee Hske] folH o asgith o]st ol A P Hate] wy
9 FEE HA A T B ST AT EASAAD, 23 Ea oA
2AMAE el el HARlA wARS AP AT e, dulwe] Ba
MAUZ 9ol A8 AHolth
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. A7 74

ER7be ofddl #AE=A &, ofxylrt, e, Hl=, FHUol FolA F=
At AT H2 V]St R Qlete] Sl AR Al Y BE AEE
I frAbskAl 2R 7F Bk st $ ol whebA phytochemical 5 783 ol W
stete] & ATolA = FUAE 2R Q3 =ol4k =R €19 phytochemical 4
& FArsh, dHNE G@5& vluekglh H Aol g #ilo] FrlkstEA A=
of EAsl= A& =4 phytochemicalol] thet A7} &4ks] o] Fojx]a Q)
@7V (Moringa oleifera)™= AT} HlgfRlo] FH3] FA7Ht a1, ekH o=

r
=
L)
N
op
tlo
)
b
K

FdgZF, 395, Y T 0 Qo] 71H e YRt =i
1:!:] =

o
, S 73 e HEAR AR ARSEHAT B Aol s 2YE o FEE

o
=
T, B A 2 2 Ax dFom gls)

: ! shelataat SFSlvt (Fig 4). ¥ Aol AR
H B SydA fFEEa Jde audtl (B 93d), =94 GFFEdet)
X BY7 dS 4 2 FAHAFE T s559 A¥S AdAsde. 559 phy-
tochemical 21> polyphenol3} isothiocyanate = U +o]A 218435} o™, HPLCE ©]

&3oto] EAsY. kst a5& S43%t7] 918kl ABTS, DPPH radical scavenging
7} SOD-like activityS 2 &@3sFSlch IdH|vk a5 54317 915t a-glucosidase2}t
lipasedl] thgt a4 &4 Al AFS st on, AFAEQ] 3T3-L1 HMEFE
o]-&-3}9] lipogenesis©l ¥¥ ¥ C/EBPa, PPARY, FAS, ACC2] whild vk S western

bloto. 2 3Fels}gl ).
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e
M. oleifera leaves ‘ i

Domestic / Oversea Domestic M. oleifera leaves and extracts

[ [T |

Hot water extract B0% ethanol extract A
Yield : 28.26% / 25.40% Yield : 20.48% / 25.06% ,b
| 2 4
- | 1 Oversea M. oleifera leaves and extracts
n-hexane fraction
bw /ow Yield : 22.70% / 14.70% fAspamous lagrer.

[ [

¥

Chloroform fraction
DEH / OEH Yield : 5.77% / 7.96% Aquecus layer
| |

¥ | |

Ethyl acetate fraction Water fraction
DEC / OEC Yield - 4.14% / 6.43% Yield : 67.03% / 68.76%

| I

\ DEE / OEE DEW / OEW /

J' v
Phytochemical analysis | | Antioxidant effects Antiobesity effects
- Phenolic acid &Flavonoid - ABTSradical scavenging - Enzyme inhibition assay
- Isothiocyanate - SOD-like activity -3T3-L1cell

Figure 4. Schematic of experiments depending on extraction method, phytochemical analysis, antioxidant

and antiobesity effect.
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A2 2Y7T 4 FEEFE <9 phytochemical 4]

S

SHAA FEEL e Ut (dE D), A FEYeh Ax RHUL
El

AZ171 Sleke] ZhkEH

7} <
FH5ol A ? autoclaves AH8-3e] 121°CelA 90 ming<t 7}

oc)
N
o

FZ& % ZE3 (ethanolic extract and fractionation)
50 g B 7F 915 1.2 L 80% EtOHol A + 2 (25+27TC)°lA 24 hrset =
siltt. #2290 a5 (s 24 B EftExolE F 5)& dFE]
Whatman No. 43 o1&} o1& F, HEH/1E clgslel 55 & A8
hexane, chloroform, ethyl acetateE ©]-83l] = 4

CRa
THAFZEY 9FA= Table 29F #Zo] EASISIT
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Table 2. Abbreviations of M. oleifera extracts sample

Sample Abbreviation
Domestic M. oleifera leaves aqueous extracts DW
Domestic M. oleifera leaves ethanolic extracts - hexane fraction DEH
Domestic M. oleifera leaves ethanolic extracts - chlorofrom fraction DEC
Domestic M. oleifera leaves ethanolic extracts - EtOAc fraction DEE
Domestic M. oleifera leaves ethanolic extracts - water fraction DEW
Oversea M. oleifera leaves aqueous extracts ow
Oversea M. oleifera leaves ethanolic extracts - hexane fraction OEH
Oversea M. oleifera leaves ethanolic extracts - chlorofrom fraction OEC
Oversea M. oleifera leaves ethanolic extracts - EtOAc fraction OEE
Oversea M. oleifera leaves ethanolic extracts - water fraction OEW

21
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3. SgdlE A3 B4
A. Total polyphenol contents

Total phenolic content (TPC)= <% Folin-Denis'H S AF-&3le] =743t} [51].
EFHT FEES MeOHS ARESHY] 1,000 png/mL F==2 3Aste] A8l +
& 1,000 pg/mL, 0.2 N Folin & Ciocalteu's phenol reagent®} 2% Na,COs;S 1:1:19]
Sy 23tste] A4 30 mins <t WHEAIFH T UV-VIS spectrophotometerS A}
L3t 750 nm IFAAM FFES A, TPCE ETEZQ gallic acid 7]

%% GAE mg/g= ERY| /v\q—.

B. High performance liquid chromatography (HPLC)

Y7 9 FEE FRHAJE EHtR o= HFEA 7] 98] HPLC
(SPD-20A, SHIMADZU CO., Japan)E AF83}3t}l. Standard =22  gallic acid,
chlorogenic acid, caffeic acid, rutin, p-coumaric acid, quercetine ©]-83}%t}. Column
2 Shim-pack GIS-ODS (C18, 4.6x250 mm, 5.0 um, SIMADZU Co., Japan)= A}-& 3}
% th. Mobile phase® i 1% acetic acid (solution A)%} acetonitrile (solution B)S A}-&
3}%1 3L, gradient program= ©|-83}9] solution BE 0-15 min 18-32%, 15-40 min
32-50%, 40-45 min 50-100%, 45-50 min 100%, 50-60 min 100-18%, 60-70 min 18%=
4319 th. Flow rate 0.8 mL/min, column temperature 40°C, injection volume 20 uL,

UV detector®] wavelength= 280 nm= A 3s}e] 43513t

t}. ofolasfo] @AtololHlo|E i BA

w7} o FEEC FRHIUE ofo]arol efolohol S BA5] 93]
HPLCE A}&3} ,3\‘4— Standard =& 2  sulforaphaneS ©]-&3}3Itt.  Columna
Shim-pack GIS-ODS-S A}-8-3}21tF. Mobile phase=+= water (solution A)$} acetonitrile
(solution B)S AF83}33l, gradient programs AF-83}9] solution BE 0-10 min
30-75%, 10-20 min 75%, 20-22 min 75-30%, 22-25 min 30%= A1 A3} th. Flow rate
0.7 mL/min, column temperature 30C, injection volume 20 pL, UV detector®] wave-

length™ 195 nm=Z 2] &} th.

22

Collection @ chosun



2. A¥Ay 2 B9

e

g

A

bol wol ATH I, F

& 7ls3s

S|
A

=

=9 QFAAd o] HAE o 23
F% < phytochemical ¥}

A%l

S
T

= Al 70~80% EtOH

-

il

Fo] EtOHY #

PN
T

=
=]

SRR

DA

Al

-
T

dl, °]

Zolt} [52].

5

@_

e wol7] 9

19 oM, Fig 591 7

&l

2 7

o]

BR
—_
fite)

ruzel

o

> 100

Weight of dried moringa leaves (Q)

Weight of concentrated sampleafter extraction (g)

Yield (%) =

-
-

g, °]

-
-

AFFEE (OW) Bl F&o] oF 3% &%

7} phytochemical §F-%©|

]
Aé'é‘

el =

WA w7t

o

F9

Al ZEAY H] =40 <1 phytochemical S

g, ©]

-
-

%

=
YA
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Moringa oleifera

leaves

Domestic

S0g

Hot water extract

Yield : 14.13 g, 28.26%

80% ethanol extract
Yield : 5.55 g, 20.48%

I

DW

n-hexane fraction
Yield : 1.26 g, 22.70%

Aqueous layer

]

DEH

Chloroform fraction
Yield : 0.32 g, 5.77%

Aqueous layer

|

DEC

Ethyl acetate fraction
Yield : 0.23 g, 4.14%

Water fraction
Yield : 3.72 g, 67.03%

J

}

DEE

DEW

Moringa oleifera

leaves

Oversea
S0g

Hot water extract

Yield : 12.70 g, 25.40%

80% ethanol extract
Yield : 6.53 g, 25.06%

I

owW

n-hexane fraction
Yield : 0.96 g, 14.70%

Aqueous layer

]

OEH

Chloroform fraction
Yield : 0.52 g, 7.96%

Aqueous layer

|

Ethyl acetate fraction

Water fraction

Collection @ chosun

OEC Yield : 0.42 g, 6.43% Yield : 4.49 g, 68.76%
OEE OEW
Figure 5. Yields of M. oleifera extracts.
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'} EguE FF B4

A. Total polyphenol contents

Ads FE2edde gste, @y, s 5 o9 74 240 dFHels)
el g ETEdlE dEe SAskeH wol AREw WHeRA gl
lic acidE standard =H 2 ARGt FE= W9 gallic acid®] dF& HAHO=

Z;G—}L uhﬂo] th— o]‘—

Wol] AL&¥ &= WHol A vk, gallic acid¢}t
=

Asg e ohth uleba

HPLC, HPLC-MS$} & AR Aol g

AAA3= Fig 63 #Fow, muit 27 9

DEW?| Fhol] 7H =7 =45 A
o ®o] &= g

o= o7

1= Ao ferE,

o = ==

— sample &

AT TPC 542 gallic acidE standard 52 =2 Aslo] SAS = WHOZA, o
g

E FT7F9Y polyphenol =
57dst7] flske HPLCE

SA sk
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Total polyphenol contents (GAE mg/g)
—n %] (%] e [ (o]
L] ] o] L] ] ]

s

Figure
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DW DEH DEC DEE DEW OW OEH OEC OEE OEW

6. Total polyphenol contents in M. oleifera extracts.

(DW_Domestic M. oleifera leaves aqueous extracts, DEH Domestic
M. oleifera leaves ethanolic extracts-hexane fraction, DEC Domestic
M. oleifera  leaves  ethanolic  extracts-chloroform  fraction,
DEE Domestic M. oleifera leaves ethanolic extracts-EtOAc fraction,
DEW Domestic M. oleifera leaves ethanolic extracts-water fraction,
OW Oversea M. oleifera leaves aqueous extracts, OEH Oversea M.
oleifera leaves ethanolic extracts-hexane fraction, OEC Oversea M.
oleifera leaves ethanolic extracts-chloroform fraction, OEE Oversea
M. oleifera leaves ethanolic extracts-EtOAc fraction, OEW_Oversea

M. oleifera leaves ethanolic extracts-water fraction)
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B. High performance liquid chromatography (HPLC)

FEE o 435 Z9usEy AR 2 AFEA Aldl:= HPLC, HPLC-MS”7}
ol o] gH}. o= o welA 4ol tE27] wFo] HPLCE ©] &3}
LSS FAA vFA Ao R WHIlshHA A4S Fdskth T3 detector’/} =

Aste] Uv 3gdiel] ek 3] A 7|2 standard =& o H|sle] FEEo| THH
i=]

A A 3= Table 39} Zorn, dFFEE (DW, OW)ol| Zo] gfFxo A= AE
2 gallic acid$l o, =4 F%E2] EtOAc fraction (DEE, OEE)o| ®o] &5 o]
= A2 p-coumaric acid$lTh. Standard =& 2 A A3 polyphenole] $HFS 31s}o]
total .2 ERN S ™ OEE, DW, DEE, OW ﬁ—/ﬂi total gko] =kTh Vongsak &
(2013)& M. oleifera 915 Ej=olA £ F Hxste] d45F= (100C, 30 min)¥}
FA 3% (50% EtOH, 70% EtOH, 28+2°C, 72 hr)dlo] FEE9] isoquercetin 3+
< HPLCE A3t} [44]. EFFFE+ isoquercetin®] EA|8HA] eF9kal, +4
ol = isoquercetin®] FA|8tl oM, EtOHS] %7t o5 -r@del S7tst

=
ek ol B AYw A 4 Astolr,
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Table 3. Phytochemical anyalysis data of M. oleifera extracts using HPLC

unit : mg/extract g

Sample Gallic acid Chlorogenic acid Caffeic acid Rutin p-Coumaric acid Quercetin Total
DW 38.37 N. D. 29.61 18.63 36.90 N. D. 123.51
DEH N. D. N. D. N. D. N. D. N. D. N. D. 0
DEC N. D. N. D. 0.48 6.89 0.88 N. D. 8.25
DEE 8.76 N. D. 14.76 56.10 26.33 10.93 116.88
DEW 33.86 N. D. 15.65 20.21 11.83 N. D. 81.55
ow 45.73 18.53 22.43 19.83 7.60 N. D. 114.12
OEH N. D. N. D. N. D. 10.15 5.50 2.66 18.31
OEC 13.17 N. D. N. D. 24.15 N. D. 14.26 51.58
OEE 8.50 N. D. 20.12 85.54 29.90 15.92 159.98
OEW 38.90 N. D. 27.00 N. D. 14.58 N. D. 80.48

N. D.  Not Detected, DW_Domestic M. oleifera leaves aqueous extracts, DEH Domestic M. oleifera leaves ethanolic extracts-hexane fraction, DEC Do
mestic M. oleifera leaves ethanolic extracts- hloroform fraction, DEE Domestic M. oleifera leaves ethanolic extracts-EtOAc fraction, DEW_Domestic M.
oleifera leaves ethanolic extracts-water fraction, OW_Oversea M. oleifera leaves aqueous extracts, OEH Oversea M. oleifera leaves ethanolic extracts-hex

ane fraction, OEC Oversea M. oleifera leaves ethanolic extracts-chloroform fraction, OEE Oversea M. oleifera leaves ethanolic extracts-EtOAc fraction,

OEW _Oversea M. oleifera leaves ethanolic extracts-water fraction
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o}, ofolasol QAolollo|E B BA

ofo] Mol @ ALololy| o] E= glucosinolate”} £]5-2] A& o} myrosinase©] <]
3 wEalEo] A= EFEZA YEd A3 glucosinolate ol S W
thoEgE 2R7E o AF B R #BelM A= A=l FF
ol EY7} AAF R ALl B YA AAdste =d=EA %3\% 7HA

aL 9l

27 9 FEES HPLCE ofolAaxfo] QALolold|o]| E 9] F /<l sulforaphanes
w2498t A3} sulforaphane> DEESIA 9.66 mg/extracts g3} OEE®l 4] 1.53 mg/extracts
g AZE AT} ofo] Mol o ALolofdo]| E ] FHfiFe Rt AFSA FEFS
o] Wk phytochemical 241 Al 2 o2k &7 9lo] A3t o] S 7
o2 e T3 glucosinolate ¥ myrosinase®] S SASHH vl A sk

obo]duitol @ Abolofulo] E0] §FE B4 Ve AoE wekd

aw JN'

Chodur 5 (2018)2 YAMA| 7} thE 3652 M. oleifera®] A OHS FH3sto] #HA| =
o] Jalisco Aol Al Aufs] o %o = glucosinolate FF<2 glucomoringin
7} glucosoonjnain I FS TASATE [14]. A A2 AT AujSEH A LAEA]

7 & 2®7F 99 glucosinolated] FFFH A AL o]kt
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A 27t A 228 FUH &5

1L Az R P

7}. ABTS radical scavenging
acid (ABTS)E AF&3}%3 7 mM

2,2'-Azino-bis(3-ethylbenzthiazoline6-sulfonic
S 730 nmoll A9 &

ABTS®} 2.45 mM potassium persulfates 1:19] H] &= 313t

F%=7F 0.80+£0.027F =5 PBS (pH 7.4)% 3]23}o] ABTS stock solutionS |38}

At sFF FE=S 20 pg/mL ~ 1,000 pg/mLe] =2 3Aste] A8l
ABTS stock solution¥} J“ 3 FEELS 519 HEE E33lo] oA A 2582TC O
2 15 mins 9t WHgAIZ1 % UV-Vis spectrophotometerS ©] 834 730 nmol| A &
g3kt ABTS @A ZHS 50%

ol

5 57439t Positive control&Z gallic acidE

aASEE Ak FER 7 7ol 328 ICy #hg AR

. DPPH radical scavenging

o] 0. mM DPPH stock solutionS A Z%3st9 ) &=

500 pg/mL ~ 10,000 ng/mLO.2 3]4]3}6] A&
2395ty 15 minEsoF A

_Kl
of
ki
e
il
N
N
r
4
T N
i
S

uL2} 800 pL DPPH stock solutione-
UV-VIS spectrophotometerAb-83F] 517 nm 3} A

control &% gallic acidE AF&3IAATEH FE=9 1Csov

FEE JERRAT

DPPH radicaldl] W3t 2A %<

UEF ™ radicalS 50% A Ast=d &3t

t}. SOD (superoxide dismutase)-like activity

2 sigma AFS] SOD determination kit (19160)E ©]-&-3}3itt.

SOD &4 =A
A EH WST-1

Q13}le]  superoxide anion (027)°]
2Htetrazolium, monosodium

450 nmol A FHoj

o _
=A% 5 A 54

Xanthine oxidase (XO)=
(2-(4-Iodophenyl)-  3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-
salt)y?} ¥F-$-3Fo] WST-1 formazan©] A ¥t} WST-1 formazan<
EYEE /A0, X0St WsaA ol 43k sop BHE 5

o=
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starzl sk A&l SOD7F =45l superoxide anion¥} SODZ} THu} inhibition re-
action®] WAI&le] WST-1°0] WST-1 formazan®. 2 &A= A] ¢Fo} H]AH S o]-8-351o
SOD &4 A& FAT + U

SOD determination kit &= & 47} & (WST solution, enzyme solution, buffer
solution, dilution buffer)?] E0]Ql o™, o] &M=L o] &3} 27F4] 2] working sol-
utions A|F3h A WHAE WST working solution 1 mL WST solution= 19 mL
buffer solution®] 3&]As}o] A=t} F+ HAZ enzyme working solution 15 pL
enzyme solutionS 2.5 mL dilution bufferdl] 3]43}o] A x3shc}, A& staxel= sam-
ple 20 pL, 200 uL WST working solution, 20 pL enzyme working solutions & 3%}3k
% 37CelA 20 minEF WA 7|, &L ol o] Ao g ALk

.. . (Blank1— Blank3) — (Sample — Blank2)
D =
SOD activity (inhibitionrate % ) (Blank1 = Blank3)

> 100
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2. 48423 2 B9
7}. ABTS radical scavenging

ABTS radical scavenging 438} £/ S radical scavenging®.2 SA 3t WH O
2 3L O 9 BN 2T B A0 kel Yrh [53]. ABTS
LN} AShAIQ] potassium persulfates < 3SHH ABTS7|F AFslE| o] ABTS radical©]
AN F2MS Wt} ABTS radicalo] &AtslAld] ¢slo] A= FE Mo A
srdon waesA Hrh webd MANe olgele W BAE SHae ¥

o|tl. DPPH radical'™= R MH S o] &3 bstss S48k wwdld, 71 &

O:

-,
S
o
o
k=)

ZFo]i= ABTS radical> o] radical®]™ DPPH radical- free radical
2}A radical®] Fol wEbA ksl el Agete] radicals A7skE s EH R Aol
7F A

ABTS radical scavenging= =73+ Z3 DEE, OEE, DW, OW2] A & radical &
Asol Faklon, 1Cs @ 72 7 69.07 nug/mL, 71.78 pg/mL, 726.55 ng/mL,
821.30 pg/mLo] Tk (Fig. 7(A)). ol F&=Eo 5o = polyphenol®] H%}2]
Tz 9 Ado] webd ABTS radical? WHg-dhs A7l @ebx 7] wjitoletar Azt
L=
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. DPPH radical scavenging

DPPH+ H|1ld 9+ 3t free radicalZA] 4bst 2o o3 g% o] o] W3]
gto] ¢4 Foleoly w27l 7S HIbekH, ol WA= s 24 =4
of wo] &%} [54]. Kang & (1995)2 DPPH radical scavenging®| phenolic acid<}
FetE o= g 7|E HEAd EE ue kst 24 X siglen, ol d
B4 gEo] F4F JuZd L2ATS AssAl "ok 3kt [55]. DPPH radi-
cal> AWl A AAE= w7k Fe] ofyzt IF ez jEEojA Al e 44
g oE gz gE vytdsoR kst A4S ekt SR, Ihdsi A
(AR radicals &8st WlwH B7Est7|7E H9 AFEoly AEel EAsk= dql

shAl o] HrpH o s 7 @ol o] &5 al it

d

DPPH radical scavengingS =743+ A3} OEE, DEE, OW, DW2] A& radical &
Aol Ao, 1Cs & ZF 7} 2834.86 ug/ml, 4168.90 pg/ml, 4343.70 1
g/mL, 7478.79 pg/mL°] %t} (Fig. 7(B)). DPPH radical> =3} WS4 S 7 wjaL
A= BHAA ALl =& AoRE AR skt [54]. WEkAd FAHFF EtOAc
fraction®] A4tslso]l Fom, IAFFEE9 AstFo] 9@ Zow yuEy -

gk HPLCO] Z¢dl= i3S B9 DWols 5420 4o BaL, owdle 5434
A5 el =] EgEl o] DWHY oW ditst &Aool k2 AS 4D

PN
T AT
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t}. SOD-like activity

A B to| A FAT 47 WHE = AEYAS S ujE P GANLY oF
1oufol] @et= AT AR Y. 4 AE sty kst o] kel A EW
AEZ 23N A A o] dAe=d, v EZZ2]olo] matrixtt ZF o= A A
g s AAXNATFE B4 EAS 8 7o FAEE FAAAEH o8 g
45 ks g4aeta & EH o2 SOD, CAT, GPX, GRD S°] 9th &%

2EY AR Agoto] SAA S FXe7] ik, At

T g oR 3 wglte] a4 &4do] FUhst

SOD (superoxide dismutase)™ H|]olA] 2HAYS}= superoxide anion (O, )E 0%
H,0,% a3l maol™, kst EA4RA AEES oxidative stress=H-E] WS 8F+=
28-S st} SOD &4 54 A Bo] AF8% & W2 Beter Jr 5 (1987)2] Wy o
2 nitroblue tetrazolium (NBT)Z A sl= WHolt) [56]. 18U ol W2 &
= 7HAAL Qlow FAgl wkgo] wol] WAty  AJoME 2 FE&
2

Zt= WST-1 (2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2Htetrazolium, mon-

oo
Mo oX,

o,

osodium salt) o2 WS sto] HAFHS FPslqltt. B3 superoxide anions 3l 3}
= A4S SR %L, superoxide anion Aol ¥ &= xathine oxidaseo] # 3
B SAsle] EHIF o FEE9 SOD-FA B4 S 545t Xanthine oxi-

dase= O, =A| Sloll A xanthines AFSAIA Q. 4FF) superoxide anions A3 Ad SHrt.

SOD-like activitys S783to] ICso #t 2= ZAME YWEFA S ™, DEE, OEE, OW,
DW?®] A& SOD radical 22750 53 o= SAHHIOH, ICs w2 7+ 7t
4490 pg/mL, 51.24 pg/mL, 46525 pg/mL, 595.21 pg/mLo] T} (Fig. 7(C)). ABTSS}
DPPH radical scavenging®] ZA¥9} FAlSHA E+FF% (DW, OW)¥ FAHFE=
EtOAc fraction (DEE, OEE)®] ICso #te] #tol& Wo] EAJ3t™, DEE®} OEE®] SOD

radical 227]50] <4319},
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Figure 7.

Collection @ chosun
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ICsp values of antioxidant assay results. (A) ABTS radical
scavenging, (B) DPPH radical scavenging, (C) SOD-like activity.

(DW_Domestic M. oleifera leaves aqueous extracts, OW_Oversea M. oleifera
leaves aqueous extracts, DEE Domestic M. oleifera leaves ethanolic

extracts-EtOAc  fraction, OEE Oversea M. oleifera leaves ethanolic

extracts-EtOAc fraction)
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A4d 2H7F A FEE9 IHT &T
1L Az 2 U
7F 24 84 A
A. a-Glucosidase inhibition assay

5000 pg/mL 2#7F o FEE (DW, OW, DEE, OEE) 100 pL® 1 unit/mL a
-glucosidase 25 pLE 233le] 37Col Al 10 mingQF A& TtE SmM p-nitrophenyl
a-D-glucopyranoside 100 pLE % 7}ste] 37ColA 10 mins < WHE - 405 nmol 4]

O
FHEE F73St} Positive control & Z & 5,000 pg/mL acarboses AF-8-3} ST}

B. Lipase inhibition assay

Pancreatic lipase 0.3 mgo| 10 mM MOPS/I mM EDTA (pH 6.8) 50 uLE =% 3t
< 100 mM Tris-HCI/S mM CaCl, (pH 6.8) 850 uLE %713} enzyme bufferE A
Z38}3 Yk Enzyme bufferol] ®2¥7F ¢ %% (DW, OW, DEE, OEE) 100 uLE %7}
sto] 37ColAl 15 mins <t WHEAIZATE BES $ 10 mM p-NPB 20 uLE 3713t
37ColA 15 mins<t ¥ 5 400 nmoll A 3 =5 SH s

. 3T3-L1 cell
A. A AF

AvF Azl 735 938 100 @ tissue cultrue disholl 2 daysSF M3 vl & A
F7F v A ] 90% o] AF AEFA 6-well tissue culture plateo] 1 x 10° cell/well€]
AEE B3 10% FBS7F &4 wiXZ wA|sksit. 2 day A3 & MDI7} &
A2 wASHA Al8E T HE AHEste] 24 Ao 2 F 23] insulindg A&
£ A8kttt

l
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B. MTT assay

A EZE 24 well plated] st &, TRHGESS FEHE 24 hr £+ 48 hr &
ob At AEs U= AEE MTT (0.2 mg/mhA ol 1 hrseh v A7
S AZNS A ASEAL well T 200 ple] dimethyl sulfoxide (DMSO)E Yo A%
formazan crystals= l—"TO%LHMq. ulX] 9O 2 microplate readers ©]-8-3}%] 540 nmol|
AN FEEE S48 AlX AESES ofFAE AX A & vehicle A

) 8k o)

Al 71

C. Oil red O staining

24 well plateo] = G MEE 4% formalin®] 1 hrs 9t LAGAZ ) oil red
O working solution®] 1 hrgQt A-oAl AAAZATE 71 3 PBS=E F ¥ AlH&a,
light microscope= ©|H| A& dXAelTh o|n|x] &g =, ZF well T 300ul iso-
propanols YL, 20 minEt oAl WEEAIZ T mEA] O & microplate readers

o]-&3le] 500 nmoll Ao FFHE=E FAHS

D. Western blot

Hj o]l B MEZE 2~33] PBSE A& ¥ lysis buffers 713 cellS lysis A1
< 14,000 rpmol Al 20 mins <t YA AT Protein®] A #H-> BradfordHS ©]
& SAstATh 25 g9 o
(SDS-PAGE)Z WA ®2]3}al, ©]& polyvinyildene difluoride (PVDF) membrane®ll
transferd} 1 TF. Membranes blocking A% ¥, 2.5% nonfat dry milk7} &%
Tris-buffered saline with 0.2% Tween-20 (TBST)oll 12} &A1& Y1l A=29A 1hr &
oF vb-§- AlZAT 12} &A1 9F HE-3-Al7] membranes TBSTZ 33] A A 3slal 23} &4
oF g4 1 hret ¥-5-A1Z] o TBSTZ 33] A& 3}te] ECL advance detection
system©. 2 Z} band®] UGS Q15T Western bloto 2 il d Wy =7 3517]
#&ll B-actin (Cell signaling), C/EBPa (Santa Cruz), PPARy (Santa Cruz), FAS
(SantaCruz), ACC (Santa Cruz), Anti-Rabbit-HRP (Cell signaling), Anti-Mouse-HRP
(Santa Cruz)s T-43te] Aol AE-st3ioh

mﬁ

S 10% sodium dodecyl sulfate-polyacrylamide
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2. A3 A7 2 E9
7} 24 84 A3

A. a-Glucosidase inhibition assay

O17Fe EFRIlERA I AolMf 53 28 polysaccharideS A F dh=d], ©
= HI olAM] amylaseo] 2]d}e] oligosaccharide®} disaccharide® 3l ¥t a

-Glucosidase= A7 I A x| EAdl= B A ZEA, oligosaccharide?}  disaccharide S
monosaccharideQ! glucose® -3l 3}t ¥{gt}. Disaccharide®t monosaccharide+=
Aol A d9a FHSAIA dade 4 FH= ey, 2EfXE =230 &
Hl g o] YA =49 2le] ) a-Glucosidase?] &S As|stA =W g
sl=9 HE 43 AHEQl glucose AWAAE AT, &4t AW A7 At
U} Acarbose™ a-glucosidase A 3|4 = &# A lom, FHt HAEoA a-glucosidase
A g SAskE Aol WyHaL ATt [57].

A¥ A3 DW, OW, DEE, OEE =5 a-glucosidase®] A3 &A& 7FAa1 A&
™, DEE®} OEET #-2 5%9| acarbose .t A3 €4do] t] =4t (Fig. 8(A)). ©]
+ polyphenol®] &%} a-glucosidase inhibitionZ} F##A| 7} Qth= o8 A=
W Fehehs Addddtelnt (58]

2 9 AT ZAH] WEW a-glucosidase A3l S8 EEH=Y FHFA A
A7 o, 538 ZetE o= Fxo webA a-glucosidase A3l &/do] Gebxl
 [59]. E2FH. 0] =9] hydroxylation % galloylation< a-glucosidase 3l &/d& &F
A1 71 | hydrogenation % glycosylation a-glucosidase A3 A4S TAAY

[60].
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B. Lipase inhibition assay

HI R A Al e] 3 B AR el oete] AAE ] SRR
(triglyceride, TG)®] A o8 WAstEw XWAG7|He Fdst= Ao vvk A=
of Al Wew A flem 53], AdE Zdllshe lipases Asiste] A
Aol 43t 9 F4E A3 pancreatic lipase A 3l A

TE Adsle] HIUkE X 238} olistat™ lipase inhibitorZA], lipase”} #| W&
wallekA FokAl st A FrF BASHA] fa g o R wjE o], Wol Xt
Fol oA thago] WA T Qv sHAIRE A& AR A BT F-2-go] 4ls)
| %o}, lipase inhibitors AlFste] HITHE X &k Ao ¢ EaHAQ WHO=E
HaET AlFoll A FujE il 9lE Orilstats lipased] &2 F-oll A B
A3t lipase &S A3t AAdEZE F44, Egb4] 5o oW, =2 sap-

onin, polyphenol, flavonoid A€ 2] phytochemicalo] A3 &S ZE=rt}.

Ir

N
&

A A3 DW, OW, DEE, OEE =5 lipase A3 A4S 7FA 1 AAA T Orilstat
T =& A4S Bolxl Rkt (Fig. 8(B)). Target compound?! gallic acid®} sul-
foraphane-> orilstat®} FAFSH A 3] &S RS}
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Figure 8. Enzyme inhibition assay. (A) a-Glucosidase inhibtion,
(B) lipase inhibition.
(DW_Domestic M. oleifera leaves aqueous extracts,
OW Oversea M. oleifera leaves aqueous  extracts,

DEE Domestic M. oleifera leaves ethanolic extracts-EtOAc

fraction, OEE Oversea M. oleifera leaves ethanolic

extracts-EtOAc fraction)
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Y. 3T3-L1 cell

A. A AF
FeAN A S Bkl 3T3-L1 AXe] £35 FAeqrh wEA e A¥s
control©. % PR om, AL ] o] W) AE dol Aol g A& A
@ 4 vk sAw MDIE Aste] R Az AlEe] moo] FY RYol
| 237}

o AMEZ o] Aol 715 2k AdeE AS &Ql & 4 Qv MDIEZ 3} A

A FEES AHYst Alxs AWAAdo] AdlEe AL &0 & 5 ¢
Mol B35 =% Al7]= MDI+= IBMX, dexamethasone, insulin®] ¢fx}ojt}. o]

s

2ol Zdo] AlX WolA sl 982 33 o)l Dexamethasoned #2 X
F2H IO E ARE 7] AW AXEX B3 e BaHo|Xuk 7] Xur P4 s
& 3E 7%ttt 53 FE2EFo|EE MXEXFA FFF IEEFAo|E FEH

(glucocorticoid receptor, GR)2} 2154 o2 A5 2835l C EBP§9} C/EBPas X &
st AR AALE 2T 253 Z2E IO AX ] FEA dE 2
olo| %= C/EBPBSl AI}E AHAHHow fFRate oz HE AT IBMXE
2

-1y
phosphodiesterase ] A| Al ¢} o}l =il F8A AFAZA cAMP 55 F°]il PKA

5 243 A7]1H CREB IAkstE SXA|7 C / EBPRY was F7HAIZITH
Insulin> adipogenic agonists® 2}-&3C}t  Insulin®} IGF-1 8|+ Ras, Raf,
phosphoinositide 3-kinase (PI3K) / Akt, ERKI / 2 % p38 MAPKS} 2 F5H A%
s e, ol 2 7HA AEAY dY A4 2aE sAET L daed H
IGF-19] 98 243¥ C/EBPa 2 PPARyS 94 xte] A4 2 7+ ke %
3l 7] 9 F7] A LA 2o Fasith 3T3-L1 A AW AEE e § 3 o
M Jed &A1 TdshA &7 wEdd IGF-1 84 A3 ddS olds =
Aol A z7] F&toll th$ insulin &35 do 7t}
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7 o FEE AXE 545 #sr] 918l DW, OW, DEE, OEEE 3T3LI]

7} % (10 pg/mL ~ 100 pg/mL)= HZE Ak AT 5 100 1

gmLe % WA AE HA4L YeuA] gekem, OEE A3 el 100 n
+ DEE9] control thH] A X AEEo] oF 80% = <F7ke] HZA4o] ¢

C. Oil red O staining

S

27} F=Eo] w8hE 3T3-L1 AlX delA # dA4& ¢
oil red O stainingS 7 &3}t 3T3-L1 AXE E3AZ w BRI} Q FEES
A slgl o, B3tE FEskA] &2 3T3-L1 MXEE controlo 2 3T
A4 control woll H3| A MDI A3A-ef A& FFo] AA A F7kste= A=
g = e, OEEY A =7t =55 AW FAdo] AdH= A &
T AAT} (Fig. 9). Positive control©. 2 sulforaphane= AF-&3} = *W3a A
s}

k)
=
Foldt Azl | pM o P& Lo HE W FA Aol g Aoz 3o

)

rO,  fob > moh
ro,

oo
32
i)
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100 pg/mL OEE

F

ugimL OEER

Figure 9. Morphology of 3T3-L1 cell treated with M. oleifera
extracts. (A) adipocyte differentiation, (B) Oil red O
staining.

(OEE _Oversea M. oleifera leaves ethanolic extracts-EtOAc fraction)
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D. Western blot

AAFMESQD 3T3-L1> o =223 thgFst dARIAIE 93] AWAEZE
wolE A MY RS S o] sk X WAIEEA (adipogenesis) Aol
o]5l= F Q3 QAR = C/EBPa®t PPARy7F Stk ol¢p e Auk Al B3l F
A= Id AL LAV B AW A8 JAls B 1 A 7S ddet
= 38 A% F shvolth, B AfdalE YUl FEE0] adipogenesisol] o] &}

= ZAAFSIAQl C/EBPa, PPARy % fatty acid &Aool #Hojsl= HAFQIAFQ] FAS,

ACCO| &uld wbgof] w2 F3Fs A6l
Western blot A3 C/EBPa®] 49 EE FE=oA w5 o&Ho=w W o] 1
Adhe g Bl & 4 glSlth PPARy, FAS, ACCHA RE FEEAA & ©
EHoz o] Ason, 53] OBEY HARRIA @& AssS 3513
] Al target compound$! gallic acid¢} sulforaphne H=3+ PPARY,

=
FAS, ACColl A W& o] 7FasteE AL g & 4+ YAt
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A DW | wtwwme - s —— e— DwW L T S —
ow — — e T — DEE | ™ ' '] v L]
DEE ow - — “ —— == -
OEE ———— OEE | quunme ey o4 o
actin | e— —— —— —— — actin | S Y T T —
pg/mL B ) 26 5 100 pa/mL - - 25 50 100
o Mk + MDI
C
DW | s s e = - -—— DEE | st Emam o= -
ow L ] . OEE | puntt BUN s &
actin T — — actin
pg/mL E = 25 50 100 GAS HgimL i e 25 50 100 Suli
+ MDI + MDI
D
DW L e e - - DEE | . PR — -
ow | ¥ — , A - e OEE — e
actin T actin | ~— e
HgimL = = 25 50 100 GAS palimL - - 25 50 100 Sul1
+ MDI + MDI

Figure 10. Western blot images of effect of M. oleifera extracts on different tran

scriptional factors. (A) C/EBPa, (B) PPARy, (C) FAS, (D) ACC.

(DW_Domestic M. oleifera leaves aqueous extracts, OW_Oversea M. oleifera leaves

aqueous extracts, DEE Domestic M. oleifera leaves ethanolic extracts-EtOAc fraction,

OEE Oversea M. oleifera leaves ethanolic extracts-EtOAc fraction)
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Gus), G, G 5 GF FAA§S AT Ak 0 okl gl wste] @
&

EF AFS Bato] Gl B Felstgnh APol AT wYst A AFFE
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o
1>
U {

b o A4 SAEHJAN. 27 & FEE FrEANE Edles AZFEA
7] 918kl HPLCE A}F&3F 2, standard = g
feic acid, rutin, p-coumaric acidE ©]-&3}3tt. =¥

ol e A gallic acidlth. BE7F & FAHAFEEA 7P ol diE o
U= A2 rutino] A h oA g FEE el AAA (AL =elabell whet g
H AEzbol®= Qlste] EE|dls e, bt 244 B g Ao Aol EA)
st Aoz gudn. kst €42 ABTS radical scavenging, DPPH radical scav-

D-4}

242 Bt FAsgon, d5FEERY FHFEE @

enging % SOD =4
d5 Aol © ke Ao

2 SAHNY. Fg¥nt d4S 545 f8 «
-Glucosidase A3l &4 =4 2 7t o FAFE=E A&l &40l positive
control®! acarbose .t} =7 ST} Lipase g =4
=29 A3 &Ao] positive controlQ] Orilstat . tF WA FHH AR, ¢F 10 ~ 30%
o] A3l &Ado] A+ AS Ak T, AHAERQ] 3T3-L1 MZFo A 4]
T &S glEkglth MDI9F EE 7 o FEES A 7;‘37}5}04 3T3-L1 /‘ﬂ_‘?_%::‘
3IAA oil red O FHE Foto] AW S Flsiaith A%
ShA] 22 controlel H]&Fe] MDICA Aol @Wol] AHH A& i—}‘{ﬁ}%‘

o FEEY FEI FhAS
1=

Y
%
e

A Ay megsp o =

7F Itk 18y Al l"i*@r Al #osh= PPARy S} fatty acid 4 Al st A
al
=

de wesl 9 FEE vE JdEHom A mivt
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